Abstract
Introduction
Fibroblasts are an important component of connective tissue found almost everywhere in the body. Fibroblasts have a variety of morphological and functional roles based on their location (1) . The skin is an everchanging organ that contains many specialized cells and structures. The skin functions as a protective barrier that saves internal body organs from the external environment. It is also involved in maintaining a proper temperature for the body to function well. It gathers sensory information from the environment and plays an active role in the immune system protecting us from diseases (2) . In general, the skin consists of three layers. The epidermis is the outer layer of skin. The dermis is the thickest layer of the skin. The subcutaneous tissue, also known as the hypodermis is the innermost layer of the skin consisting of fat and connective tissue that houses larger blood vessels and nerves. One of the important tasks of this layer is the regulation of temperature of the skin itself and the body. The thickness of this layer varies throughout the body and from person to person (2) . Dermal fibroblasts create and organize the connective tissue (3). These cells produce collagen, fibronectin, cytokines and growth factors and play an important role in wound healing and nurturing the tumor cells (4) (5) (6) (7) (8) . Dermal fibroblasts have a variety of roles in biology studies. For example, Golpour et al. used dermal fibroblasts for anaerobic glycolysis evaluation (9) . In another study, Manisha et al. used dermal fibroblasts to check the progress of tumor cells (10) . Furthermore, researchers have used these cells to study the processes related to wound healing (11) . Moreover, the rat embryonic fibroblasts were used as feeder cells for embryonic stem cell cultures as well as culture and storage of layers of embryonic stem cells derived from human and rats. These cells provide a complex but unknown mixture of food and substrate for proliferation and long-term growth of undifferentiated pluripotent embryonic stem cells (12). Today, rat embryonic fibroblasts and human foreskin fibroblasts are commonly used as feeder cells to maintain the pluripotent state of stem cells (13). However, the efficiency of rat embryonic fibroblasts in maintaining undifferentiated human embryonic stem cells is more than human foreskin fibroblasts because of releasing smaller amounts of actin A (14) . Tissue culture is a general term used when the cells, tissues, or organs from an animal or a plant are removed and transferred to an artificial environment conducive to growth. This environment usually consists of a suitable glass or plastic culture vessel and contains a liquid or semisolid medium that supplies the nutrients essential for survival and growth. When an entire organ or parts of a healthy organ are studied, it is called organ culture; and when cells are removed from pieces of an organ and isolated from adjacent cells to be ready for culture and studied, it is called cell culture (15) . Cell culture is one of the major tools used in academic life today and plays a variety of roles in biologic research. Cell culture is a suitable environment to study various processes such as evaluating the effect of different medications, cosmetics, and chemicals on various cells, studying agingrelated processes as well as nutritionrelated processes (15) . Cell cultures can be used to study the mechanisms normal cells transform into cancer cells and thus find suitable methods and drugs to deal with different types of cancer. Furthermore, embryonic cells can be isolated from pregnant women and cultured, and help study the health of the fetus. In addition, the cell culture is used in genetic engineering, gene therapy and vaccine production (15) . Cell culture is performed in three types: Primary cell culture, secondary cell culture or cell passage, and Cell Line. In primary cell culture, cells are isolated from organs and placed in a proper culture environment, they attach to the media substrate, divide and grow. This process happens in two ways: (i) Explant culture, and (ii) Enzymatic analysis. When cells grow in a primary culture vessel and fill all the available culture media, they should be cultured for the second time to continue growing. This is usually done by slow enzymatic transfer of cells from the substrate, which is called sub-culture. One way to obtain cell cultures is buying or borrowing prepared cell cultures from organizations like ATCC or Coriell Institute for Medical Research (15) . Since the primary cell culture is more like in vivo conditions, it is more valuable than other methods and can be of great help to researchers. (16) Given the importance of cell culture in today's academic life, the present study was conducted to simplify the cell culture method through innovation and localization, as well as culturing newborn rat dermal fibroblasts usable for subsequent studies.
Materials and Methods
The following materials were used in this study: Flask T25, flask T75, Petri Dish 10 cm, well dishes-6, frozen FBS, trypsin, Dulbecco Modified Eagle Medium (DMEM) culture medium, ethanol 100%, slides and coverslips, Phosphate-buffered saline (PBS) buffer, Falcon tubes in two volumes of 15 and 50 mm.
Rats procurement
The present study used newborn (1-2-dayold) Syrian rats. The rats were procured from Research Center and Experimental Animal House of Ahvaz, which were housed under proper light/dark conditions.
Isolation and primary culture of dermal fibroblasts
Before starting, all tools including surgical sets, culture vessels, PBS, etc. were sterilized by autoclaving at 121 °C and high pressure. The work environment was also sterilized by alcohol 70% and ultraviolet radiation. The steps of isolation and primary culture of dermal fibroblasts were as follows: First, the newborn rats were beheaded using sterile tools and then small pieces of their skin was removed with forceps and transferred to petri dishes containing Dulbecco's Phosphate Buffered Saline (dPBS) on ice. Rat skin pieces were split into smaller pieces using a scalpel and transferred to 15-mm Falcon tubes along with the dPBS. They were moved up and down for washing and crushing. Particles deposited after centrifuge at 1000 rpm for 2 minutes, dPBS was removed from Falcon tube, and trypsin 0.1% was added to the cells. The tubes were places in a shaking incubator at 37 °C for 10 minutes and then centrifuged at 1100 rpm for 2 minutes and trypsin was removed from the tubes. A culture medium containing FBS 10% was used to neutralize trypsin. That is, an amount of the medium equal to trypsin volume was added to the Falcon tubes, and after moving up and down they were then centrifuged at 1100 rpm for 2 minutes. Then the medium containing trypsin was removed from the tubes and once again added to the cells and the cells were transferred to culture flasks containing the culture medium. Culture flasks were incubated at 37 °C and 5% CO2 and 95% humidity. The medium was changed 72 hours after primary culture. The morphology of the cells was assessed at all stages using a fluorescent microscope (Olympus). This study was approved by the Ethics Committee of Ahvaz Jundishapur University of Medical Sciences (IR.AJUMS.REC.1395.127).
The secondary culture of dermal fibroblasts
The cultured dermal fibroblasts were transferred from the primary media to new media for further growth and the first cell passage was performed one week after cell density of primary culture reached 98% as follows. Before starting, all tools including, culture vessels, buffers, etc. were sterilized by autoclaving at 121 °C and high pressure. The work environment was also sterilized by alcohol 70%. Then flask culture media were discharged and washed using a dPBS buffer. After this stage, trypsin 0.1% was added to the flasks and they were gently shaken. After adding the medium to neutralize the trypsin, the contents were transferred to Falcon tubes and centrifuged at 1100 rpm for 2 minutes. The supernatant was removed from the tubes, which were washed again with DMEM + FBS 10% to ensure complete removal of trypsin. After pipetting, a drop (10 µl) of cell suspension was added to Neubauer slide and a coverslip was placed on it in order to count the number of cells. The cells in the RBC area were counted. Total cell count was determined by multiplying the cell count by the suspension dilution factor and 10 4 . According to the number of cells and capacity of culture flasks, cells were cultured in an appropriate number of flasks and incubated at 37°C with 5% CO2 and 95% humidity.
Results
Fibroblasts cultured on different days were examined in terms of growth and morphology by a fluorescent microscope (Olympus) with 10x and 40x magnification. Figures 1, 2 and 3 show the morphology of fibroblasts from the first passage at different times. Finally, cells with clear and oval to spindle-shaped stained nucleus and 1-2 nucleoli and branched cytoplasm were observed which match with the morphology of fibroblasts. The culture medium looked transparent without any turbidity, bacterial or fungal contamination. 
Discussion
Many animal cells can be cultured and kept outside the body. Cell culture is one of the main and common methods used in academic life today, especially in medical science research. Since dermal fibroblasts form skin's first layer of defense, several attempts have been made to isolate and culture dermal fibroblasts of rats and rodents, each of which had advantages and disadvantages. In this study, rat embryo dermal fibroblasts were isolated and cultured in culture media without any antibiotics, in a simple and low-cost method and with minimum laboratory equipment. If a procedure is established that provides a model for growth of fibroblasts without antibiotics, which interfere with cellular processes, can be a good system for various biological studies such as cell cycle regulation, DNA restructuring, and apoptosis. It can lead to a better investigation of molecular mechanisms of regulating dermal connective tissue production and skin disease pathology (3). In 2012, Jozefczuk et al. suggested an optimized method for isolating and culturing rat embryonic fibroblasts. In that protocol, they introduced a new culture medium called Conditioned Medium for fibroblasts culture, used ELISA method to evaluate it, and used multiple growth factors including glutamine for the proper development of fibroblasts (17) . In 2010, Seluanov et al. suggested a protocol for isolating and culturing dermal and pulmonary fibroblasts of adult rodents. In that study, they were able to isolate and culture fibroblasts of mice, rats and wild rodents such as beaver, porcupine, and squirrels (16) . One of the advantages of these methods is that the obtained cells are closer to in vivo conditions. Xu et al. proposed a new protocol for fibroblasts culture in 2005. In that protocol, unlike the protocol presented in this study, the number and duration of incubation in the primary cell culture was more (18) . In another study by Mark et al. in 2002, the number of primary cell culture was more, and penicillin and streptomycin were used to prevent contamination to obtain healthy and appropriate cells (19) . Since the use of antibiotics and antifungals can interfere with the research results, unlike previous studies, dermal fibroblasts were isolated from 1-to 2-day-old newborns' skin in sterile conditions and without the use of antibiotics and antifungals. The results showed that cultured dermal fibroblasts had no contamination, and no trace of bacterial and fungal contamination was found at the end. As a result of using no antibiotics and antifungals in this method, no impairment was observed in fibroblasts culture. Another advantage of this method in addition to reducing the cost of culture was using no growth factors such as glutamine.
Conclusion
Based on the results, using the proposed method for isolating and culturing the cells in future studies appears to be logical because of simplicity, low costs, and sterile conditions without using antibiotics and antifungals.
